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KEY ROLE OF OXIDES OF
NITROGEN

« Sole known anthropogenic sour ce of
0ZONe;

NO, +hu ® NO + O(°P)
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INCREASE IN GLOBAL O,

Annual Mean, 03 at Montsouris, and Arkona

Montsouris
(1876-191 I.’l}

30

Arkona
{1 956-1983)

 Attributed toincreasein NO, emissions

Volz & Kley, Nature, 332 240 (1988)




KEY ROLE OF OXIDES OF
NITROGEN

Sole known anthropogenic sour ce of ozone:
NO, +hu ® NO + O(3P)

o, o

- Formsthenitrateradical (nighttime
oxidations):

NO, + O, ® NO, + O,

 Precursor to PAN, HNOg, nitro-PAH etc.
¢




CONTROL STRATEGY PARADOX

(a)
O3 (ppm) =0.08 0.16 0.24 0.40

L

0.28| 0.32 0.34 0.36

NOx (ppm)

VOC (ppmC) £ - voramaoﬁ:"lcc l:i:orrpound

OH + NO, ® HNO,

At low VOC/NO,, O, predicted to decrease asNO,
INCr eases..
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NO, CHEMISTRY

e Gas phase chemistry “relatively” well
under stood




NO, HETEROGENEOUS
CHEMISTRY




OVERALL NO, HYDROLYSI S
REACTION

2NO, + H,0 g HONO + HNO,




OVERALL NO, HYDROLYSI S
REACTION

2NO, + H,0 g HONO + HNO,
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OTHER POTENTIAL
HETEROGENEOUSNO,
CHEMISTRY 7?7?

HNO

+NO, ® HONO, NO,, others?

3 (surface)

. suggested by Fairbrother et al. (1997)




WHY ISHONO IMPORTANT ?

e |nitiates VOC oxidation:

HONO+hu ® OH + NO

OH + VOC® ® RO, — RO

' %

NO




HOW IMPORTANT ISHONO?
Long Beach, CA, December 10, 1987

« 44 % of OH
production over
24 hrs
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Winer & Biermann, Res.
Chem. Int. 20423 (1994)

A0,

Time (PST)




SO WHAT ?7?

e “Pulse” of OH in early morning
speeds up VOC oxidation and NO
® NO,® O,

 May move position of O, peak
upwind and change peak level




KNOWN SOURCES OF HONO

 Direct emissions from non-catalyst equipped
vehicles (e.g. Pitts et al, 1984; Wiesen et al, 2001)

e OH + NO « HONO




OVERALL NO, HYDROLYSI S
REACTION

2NO, + H,0 g HONO + HNO,




Aerosol Chamber
Light beam reflections Ultraviolet light for photolysis

for Differential Optical experiments
Absorption Spectroscopy /
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 Hydrolysis of NO, and Formation of HONO
In the Presence of Aerosol



NO, HYDROLYSISIN 561 L
CHAMBER

85% RH; no aerosol present
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BOROSILICATE GLASSCELL (7L)

ZnSe -
windows

6%4@
18

Transfer optics




NO, HYDROLYSISIN 7L GLASS
CHAMBER
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 Much faster HONO formation, with lossindicating
secondary reactions

* N;O and NO (not snown) are observed® from HONO?? 4«4




SOME PREVIOUS OBSERVATIONS

* First order in NO,, first order in H,O
* HONO yields < 50%

* HNO, not seen in gas phase

e No effect of underlying surface (glass,
Teflon etc.)

England & Corcoran, 1974; ten Brink et al, 19/8; Sakamaki

et al., 1983; Pitts et al., 1984, 1985; Akimoto et al., 1987;

Svensson et al., 1987; Jenkin et al., 1988; Wiesen et al., 1995;
Kleffman et al., 1998a,b; Harrison & Collins, 1998. e




PITTSet a. MECHANISM FOR NO,
HYDROLYSISON SURFACES

NO,
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NO,
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sur face

Pittset al., Int. J. Chem. Kinet. 16 919 (1984)
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UNANSWERED QUESTIONS

\What does“ surface’” mean?

 |[sthewater on the surface bulk liquid?

How can |laboratory studies be
extrapolated to ambient conditions?




NO, INTERACTIONSWITH WATER
ON SURFACES

e How much water 1son surfaces?

e |sit “bulk” water?




MEASUREMENT OF WATER ON
SURFACES

O <
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Cak, Discs for water
Window uptake

» M easure surface water by strong IR band at 3400 cm—
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UPTAKE OF H,0O ON GLASS
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Wavenumbers (cm-1)




NUMBER OF WATER LAYERS ON
GLASS

5layers
70% RH l
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COMPARISON TO LITERATURE

JuLy;, 1918,

THE HLD URNAL

OF THE

American Chemical Society

with which hss been incarporated the

American C ical Journal

&)

Gry OF T HumAl ELRcTric Co.
ON PLANE SURFACES OF
CA AND PLATINUDM,
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SURFACESAVAILABLE FOR
HETEROGENEOUS
REACTIONS




WATER UPTAKE ON
ENVIROMENTAL SURFACES

Water Uptake on Glass Compared with
Ambient Surfaces
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G. Lammel, Formation of Nitrous Acid: Parameterisation and Comparison with Observations, Report No. 286, M ax-
Planck-Institut Fiir M eteorologie Hamburg, 1999.




ISIT “BULK” WATER?

Indistinguishable
from bulk water

-~ : h
0.00 . 16% 28 3%

3800 3600 3400 3200 3000 2800
Wavenumber (cm!)

« Shift in band peak to higher wavenumbers

(higher energy) i




e Cannot treat chemistry asuptakeinto
bulk water film on surface, followed by

“conventional” aqueous phase reactions




SO WHAT?7?

» Affects nature of species on surface,
their reactivity and Kinetics, I.e. entire

reaction!

eg., , NO,/N,O,




WHY ISHNO; NOT SEEN AS
A PRODUCT IN GASPHASE?

o Stays “stuck” to surface????

e Why???

-HNO, has high vapor pressure!




SILICA SAMPLESUSED TO
STUDY SURFACE REACTIONS

. < Slica powder &
pressed disc

<«— porousglass
(etched)

A0
N =




CELL USED TO STUDY CHEMISTRY
ON SILICA SURFACES

sample holder

l

silica surface

- with adsor bed
gasinlets SPECIES ,‘ﬁmf




POROUS GLASS CELL

Silica surfacein path
of IR beam (ableto be
withdrawn out of IR
beam)
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FORMATION OF HNO,
(AND N,O,) ON SURFACE

1 (e) HNO, reference

i (d) t = 1200 min, glass only

1 () t =2 min, glass only
N,O,

¥

1 () t =2 min, glass + gas phase

NO,

(&) t = O min, gas phase

1800 1750 1700 1650 1600

Wavenumber (cm™)

« HNO; isformed &
stays on surface

- N,O, enhanced on

surface® key
Intermediate?

A0,




 HNO; Isthe second product!

 HNO, stays on surface meshed with
“2-D" water

e At least part of the HNO;Is
undissociated ®




SO WHAT ?7?

» Undissociated HNO, under goes some
unigue reactionsto regenerate NO,




REACTION OF NO WITH HNO,
ON POROUS GLASS

* NO reacts
to give NO,

« undissociated
HNO, “ sticks”
on surface

1900 1800 1700 1600 1500
-1
Wavenumber (cm ) 5““?




CONVERSION OF SURFACE
HNO, TO NO,

WO exposure
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MECHANISM OF NO REACTION
WITH SURFACE HNO,

HNO, + NO ® HONO + NO,

HONO +HNO,® 2NO, + H,O

NET:
2HNO, + NO ® 3NO, + H,0




REACTION OF NO WITH HNO; ON
GLASSCELL SURFACE

nSe
windows

~

e “dose’ cell with gaseous
HNO, and pump out

e add NO in N, at chosen
RH

 follow loss of NO and
formation of gaseous
products

6%4@
18

ToMCT
detector

Transfer optics




REACTION OF NO WITH HNO; ON A
SMOOTH GLASSCELL WALL
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WATER UPTAKE ON
ENVIROMENTAL SURFACES

Water Uptake on Glass Compared with
Ambient Surfaces
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G. Lammel, Formation of Nitrous Acid: Parameterisation and Comparison with Observations, Report No. 286, M ax-
Planck-Institut Fiir M eteorologie Hamburg, 1999.




REACTION OF NO WITH SURFACE
HNO; ON SMOOTH GLASS
SURFACE

* Reaction slower with 2 layersor > 5 |layers of
water




THERMOCHEMISTRY OF NO
REACTION WITH HNO,

HNO; + NO ® HONO + NO,
All gases. DH%=-0.3 kcal mol-*

HONO + HNO;® 2NO, + H,0
All gases. DH?= +9.3 kcal mol-1

NET:
2HNO, + NO ® 3NO, + H,0

All gases. DH?= +9 kcal mol-1

AV
N =




THERMOCHEMISTRY OF
SURFACE HNO; REACTIONS

DH 228 (kcal mol2)

N S

HONO(hydr) H NOS(hydr) N204(hydr) HZO(I)




ROLE OF WATER ON SURFACE

« “2-D” water means at least some of HNO;Is
undissociated ® unique chemistry & renoxification

o water “solvates’ reactantsand products®
makes reactions exothermic




SO WHAT ?7?

o Likely that under atmospheric
conditions, some of deposited HNO,
can be converted back into NO,,




OVERALL NO, HYDROLYSI S
REACTION

(and other heter ogeneous chemistry)

2NO, + H,O =y HONO + HNO,

T e -\l
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